Helicobacter pylori, one of the most prevalent human pathogens, colonizes the gastric mucosa and is associated with gastric diseases, such as gastritis and peptic ulcers, and is also a bacterial risk factor for gastric cancer. Cytotoxinassociated gene A (CagA) protein, a major virulence factor of H. pylori, is phosphorylated in cells at its Glu-Pro-IIe-Tyr-Ala (EPIYA) motif and is considered to trigger gastric cancer. CagA is classifi ed into two forms, Western CagA with EPIYA-ABC and East Asian CagA with EPIYA-ABD, with the latter associated with a high risk of developing gastric cancer. CagA causes morphological transformation of cells, yielding the "hummingbird" phenotype in AGS cells and possibly membranous pedestals in the gastric epithelium, albeit rarely. H. pylori adherence to the gastric mucosa is not yet fully understood. Here, we describe an intrafamilial infection case of H. pylori, focusing on the gastric epithelium, H. pylori adherence, and a gene mutation in a child with protein-losing gastroenteropathy (characterized by excessive loss of plasma proteins into the gastrointestinal tract). H. pylori, which also infected family members (mother and father), was genetically a single clone with the virulence genes of an East Asian type. The patient' gastric mucosa exhibited some unique features. Endoscopy revealed the presence of protein plugs on the mucosal surface, which were immunoelectrophoretically similar to serum proteins. Electron microscopy revealed abnormal gastric epithelial cells, totally covered with the secretions or possessing small swollen structures and irregular microvilli. The patient's H. pylori infection was characterized by frequently occurring thick pedestals, formed along adherent H. pylori. The serum protein level returned to normal and the protein plugs disappeared after the successful eradication of H. pylori, albeit with lag periods for healing. He had a mutation in the OCRL1 gene, associated with Dent disease (asymptomatic proteinuria). Thus, in the patient's gastric mucosa, we found the abnormal gastric epithelial cells, which may be caused by an OCRL1 mutation or H. pylori, and pedestal-rich H. pylori infection, possibly caused by a higher level of action of CagA in the abnormal epithelial cells. The data suggests a novel H. pylori virulence factor associated with "excessive plasma protein release".
Introduction
Helicobacter pylori is a gram-negative, spiral-shaped bacterium with one to two turns along the axis, and has multiple (four to six) polar fl agella to facilitate marked motility [1] [2] [3] . H. pylori colonizes the gastric mucosal niche via an oral route, and for its establishment, high H. pylori motility a high risk [10] [11] [12] . Its infection is associated with gastritis, peptic ulcers, and mucosa-associated lymphoid tissue lymphoma, and is also a bacterial risk factor for gastric cancer [3, 10, 13, 14] . Among virulence factors of H. pylori, cytotoxin-associated gene A (CagA) protein, vacuolating cytotoxin A (VacA), and antigen induced by contact with epithelium (IceA) are the most noted in terms of a fully virulent type [15] . Regarding CagA protein, it is injected into the gastric epithelial cells through the type IV secretion system (encoded by cag pathogenicity island, cag PAI, carrying cagA and cagE) [16] , resulting in phosphorylation of injected CagA protein at the Glu-Pro-IIe-Tyr-Ala (EPIYA) motifs [17] [18] [19] [20] [21] , with this leading to cellular cytoskeletal rearrangements, abnormal cell growth and motility, and gastric cancer [14, 20, 22, 23] . The type and repetitions of the CagA EPIYA tyrosine phosphorylation motifs at the 3'-end refl ect geographic distribution and virulence (especially gastric cancer risk) [19, 23] . Of the CagA EPIYA types, EPIYA-C is found in Europe, the USA, and Australia. Thus, CagA with EPIYA-C is designated Western CagA. EPIYA-D is found in East Asian countries in those at high risk for gastric cancer, and is designated as East Asian CagA. CagA EPIYA-AB is common; thus CagA EPIYA-ABC and -ABD are predominant Western CagA and East Asian CagA, respectively. Cag A-induced cellular morphology (cytoskeletal rearrangement) has also been noted. In transformed gastric epithelial AGS cells, CagA protein causes the "hummingbird" phenotype [14, 22] . In the gastric mucosa (biopsy specimens), H. pylori often shows intimate adherence, appearing as membranous pedestal [24, 25] or ruffl e [11] formation, considered to be caused by CagA. Unique features of H. pylori adherence on the gastric mucosa also include a phenotype appearing as the shrinking of epithelial cells, surrounded by H. pylori ( Supplementary Fig. S1 ). The mechanisms of H. pylori adherence on the human gastric mucosa are not yet fully understood. In this report, we describe an intrafamilial H. pylori infection case, focusing on the gastric epithelium, H. pylori adherence, and a gene mutation in a child (male) with protein-losing gastroenteropathy, a disease characterized by excessive loss of plasma proteins into the gastrointestinal tract [26] [27] [28] [29] [30] [31] .
Materials and Methods

Case
Gastric biopsy specimens were taken from members of a family living in Yokohama, Japan. The patient was a 5-year-old boy. Proteinuria was noted on a routine health examination at the age of 3 years, and he was diagnosed with idiopathic tubular proteinuria (Dent disease), which is caused by mutations of the CLCN5 and OCRL1 genes [32] [33] [34] . His paternal grandfather died of gastric cancer. On the day of admission, he was noted to have fever and edema of the eyelids and on the anterior aspect of the legs. Laboratory tests showed hypoproteinemia with hypoalbuminemia and hypogammaglobulinemia. Fecal α 1-antitrypsin clearance was increased, and technetium-99m ( 99m Tc) scintigraphy showed radionuclide excretion into the intestinal tract. Endoscopy revealed numerous protein plugs in the gastric body ( Fig. 1 ). The protein plugs in the gastric body were extracted ebdoscopically and subjected to immunoelectrophoresis. The protein levels were 2,336.4 mg/ dL and exhibited a composition of albumin 48.0%, β-globulin 16.9%, α1-globulin14.6%, α2-globulin12.8%, and γ-globulin 7.7%, similar to serum levels. Thus, he was diagnosed with protein-losing gastroenteropathy. Histological examination using hematoxylin and eosin staining showed features of atrophic hyperplastic gastritis (chronic pangastritis) with lymphoid hyperplasia in the gastric body, gastric antrum, and duodenal bulb ( Fig. 1 ). Cultures of the gastric antral mucosa were positive for H. pylori. H. pylori infection was successfully eradicated by two courses of triple therapy (two and three weeks with 3-week intervals) with clarithromycin (20 mg/kg/day), amoxicillin (50 mg/kg/day), and the proton pump inhibitor lansoprazole (1.5 mg/kg/day), according to Japanese guidelines [35] . The serum protein levels returned to normal one year later. At the age of 11 years, the fl uctuating levels of total serum protein and albumin were successfully maintained at 6.0 and 4.0 g/dL, respectively. The protein plugs decreased but persisted in the gastric body and gastric antrum six months after the eradication therapy ( Fig. 2) ; however, at the age of 11 years, the protein plugs disappeared almost completely, but with some even 10 years after the eradication therapy. His 36-year-old father and 32-year-old mother were asymptomatic H. pylori carriers, and endoscopically diagnosed with chronic gastritis. This study was approved by the Ethical Committee of the Hospital. Informed consent was obtained from the parents.
Media and bacterial growth
H. pylori was isolated from biopsy specimens by culturing at 37˚C in a microaerophilic atmosphere (10% O 2 and 10% CO 2 ) on H. pylori-selective plates containing trimethoprim, polymyxin B, vancomycin, and amphotericin B to inhibit the growth of microbes other than H. pylori (Nissui Pharmaceuticals, Tokyo, Japan). H. pylori was subcultured on 5% sheep blood agar (Becton Dickinson, Tokyo) and then stored at -80˚C.
Electron microscopy
Biopsy specimens of the gastric antrum were washed in saline, fi xed with 2.5% (vol/vol) glutaraldehyde, and postfi xed in 1% osmium tetroxide. Samples were then dehydrated with ethanol. For scanning electron microscopy (SEM), dehydrated samples were then critical-point dried, coated with gold-palladium, and subjected to SEM [11] . For transmission electron microscopy (TEM), dehydrated samples were embedded in epoxy resin (EPOK812; Ouken, Tokyo), and cut with an ultramicrotome diamond knife, followed by staining with uranyl acetate and lead citrate [11] .
Bacterial DNA isolation
H. pylori cells, grown in brain heart infusion broth containing 10% fetal bovine serum, were suspended in 10 mM Tris-HCl (pH 8.0) containing 1 mM EDTA and then lysed by the addition of sodium dodecyl sulfate (0.5%) and proteinase K (100 μg/mL). After treatment with cetyltrimethylammonium bromide (1% in the presence of 0.7 M sodium chloride) and subsequently with chloroform/isoamyl alcohol (24:1) and phenol/chloroform/isoamyl alcohol (25:24:1), DNA in the aqueous solution was precipitated with a 0.6 volume of isopropanol. The DNA was then rinsed with 70% ethanol and redissolved in 10 mM Tris-HCl (pH 8.0) containing 1 mM EDTA [11] .
HindIII-digestion pattern analysis
Bacterial DNA was digested with HindIII and the digests were electrophoresed on 0.8% agarose gels with a 1-kb DNA ladder (Life Technologies, Gaithersburg, MD, USA), which was used as the molecular size standard. The gel was stained with ethidium bromide [11] .
Plasmid analysis
Plasmid analysis was carried out essentially by a published method [36] . Plasmid DNA was analyzed by electrophoresis in 0.5% agarose gel with reference plasmid DNAs of known molecular size. The gel was stained with ethidium bromide.
Virulence gene analysis for H. pylori
H. pylori virulence genes, cagA, cagE, vacA (s/m types), iceA1, iceA2, and babA2, were analyzed by PCR using the primers listed in Table 1 [17, [37] [38] [39] [40] .
CagA EPIYA motif analysis
The CagA EPIYA motif region of the cagA gene was amplifi ed by PCR using the primers listed in Table 1 and the PCR products were sequenced [17, 19] .
CLCN5 and OCRL1 gene analysis
Peripheral blood lymphocyte DNA from the patient (boy) and his mother was used for CLCN5 and OCRL1 gene analysis. The coding region and exon-intron boundaries were amplifi ed by PCR and the PCR products were sequenced [41, 42] .
Motion analysis
H. pylori motility in a liquid layer of brain heart infusion broth containing 10% fetal bovine serum was examined under an inverted, phase-contrast microscope at 37˚C. The motility speed (μm/s) was measured using a motion analysis system with the program C-Imaging C-MEN (Complix Inc., PA, USA) [2, 43] .
Results
Genetic features of H. pylori
Direct comparison of the HindIII-digests of H. pylori DNA revealed that all the H. pylori strains were very similar to each other (Fig. 3A, lanes 1 to 3) , although the father's strain was slightly divergent from the patient's and mother's strains. All H. pylori strains possessed the same cryptic plasmid with a size of 4.5 kb (Fig. 3B , lanes 2 to 4). Next, the virulence genotypes of H. pylori were examined by PCR. All H. pylori strains exhibited the same genotype of cagA, cagE, vacA s1c/m1, iceA1, and babA2, which is a virulent genotype predominantly found in Japan and neighboring Asian counties [15, 37, 44] . The CagA EPIYA motif of all H. pylori strains was ABD, suggesting the East-Asian (virulent) type ( Fig. 4) [17, 19, 44] . Again, the CagA EPIYA motif B of the father's strain was divergent by one amino acid residue from those of the patient and mother (Fig. 4B ). All H. pylori strains were highly motile, with the mean swimming speed being 70 to 80 μm/s [2, 43] .
H. pylori adherence features in biopsy specimens
First, the patient's biopsy specimens were analyzed. Regarding SEM, the surface of the gastric epithelial cells was nearly completely covered with secretions ( Fig. 5A ). Therefore, adherent H. pylori was only rarely seen on the gastric epithelium ( Fig. 5B and C) . The SEM study also revealed abnormalities of the patient's gastric epithelial cells, possessing many small swollen structures ( Fig. 5B ) and irregular and long microvilli at the apical surface ( Fig. 5B and C). These morphological features were in marked contrast to the parents' gastric epithelial cells, as described below. When analyzed by TEM, numerous H. pylori were observed on the mucosa; however, the manner of H. pylori adherence was unusual. Many H. pylori intimately attached to the gastric epithelial cells, and roughly 25% formed typical pedestals (or cups), i.e., thick membranous projections along the adherent H. pylori body (Fig. 6A to C) . H. pylori also adhered to the microvilli of the epithelial cells (Fig. 6D ). Next, the mother's biopsy specimens were analyzed. Regarding SEM, the gastric epithelial cells had regular and short microvilli with H. pylori adherence ( Fig. 7A and B) . Regarding TEM, no typical pedestals were observed, with pedestal-like structures (small membranous projections attached to a part of the H. pylori body) being present rarely (Fig. 6C) . Many H. pylori adhered to the gastric epithelial cells via fi laments ( Fig. 7C ) and microvilli (Fig. 7D) . Finally, the father's biopsy specimens were analyzed. Regarding SEM, the gastric epithelial cells had regular and short microvilli with the most high-level H. pylori adherence among the family members ( Fig. 8A and B) . Regarding TEM, there were no typical pedestals, with pedestal-like structures being present rarely (Fig. 8C) . Many H. pylori adhered to the gastric epithelial cells via fi laments ( Fig. 8D ) and microvilli (Fig. 7E ).
CLCN5 and OCRL1 gene mutations
The patient's and mother's DNA samples were subjected to CLCN5 and OCRL1 gene mutation analysis. The patient's OCRL1 gene had an Arg318Cys (codon CGC vs. TGC) mutation. The mother's OCRL1 gene had no mutations. There were no mutations in their CLCN5 genes.
Discussion
In the present study, a 5-year-old boy was diagnosed with panchronic gastritis and protein-losing gastroenteropathy, endoscopically, histologically, and also by serum protein analysis and using 99m Tc scintigraphy [26] [27] [28] [29] [30] [31] . He was infected with H. pylori and had lymphoid hyperplasia and atrophy in the gastric mucosa. He also had the protein plugs on the gastric mucosa, which were immunoelectrophoretically similar to serum proteins. H. pylori infection was successfully eradicated, and his symptoms on protein-losing gastroenteropathy returned to normal one year after H. pylori eradication, as has been reported by others [27] [28] [29] [30] . The protein plugs on the gastric mucosa decreased, but persisted longer after H. pylori eradication. H. pylori from the patient and his parents were genetically a single clone, suggesting intrafamilial transmission of H. pylori, including that between parents and parent-to-child transmission. The H. pylori exhibited an East Asian virulent genotype, which is a high risk for gastric cancer [15, 17, 19, 37, 40, 44] . Since the patient's paternal grandfather died of gastric cancer, the familial H. pylori may originate in their ancestors. We investigated the gastric mucosa of the three family members by SEM and TEM, and found that the gastric mucosa of the patient with protein-losing gastroenteropathy was abnormal in terms of the gastric epithetial cells. The patient's epithelial cells were totally covered with the secretions or had small swollen structures and irregular and long microvilli at the apical surface, in marked contrast to those of the parents. On the abnormal gastric epithelium of the patient, H. pylori exhibited unusual adherence behaviors, in such a way that it showed signifi cant pedestal formation with thick membranous projections along the whole adherent H. pylori body. There is a possibility that H. pylori CagA PAI injects more CagA into the patient's epithelial cells, resulting in the patient's frequent and thick pedestals. If this hypothesis is correct, pedestal formation levels observed in biopsy specimens may refl ect in vivo CagA activity levels, triggering the progression to gastric cancer. Such H. pylori-induced typical pedestals as the patient' case were not found in his parents' mucosa, although "pedestal-like structures" were present. His symptoms also met the criteria for Dent disease, that is a renal proximal tubular disorder characterized by low-molecularweight proteinuria, hypercalciuria, and nephrocalcinosis [32] [33] [34] . Dent disease is caused by mutations in the CLCN5 gene or OCRL1 gene (which is known as a cause of Lowe syndrome) [32] [33] [34] . Therefore, we investigated the CLCN5 and OCRL1 genes of the patient and his mother for mutations, and found that the patient (but not his mother) had an Arg318Cys (codon CGC vs. TGC) mutation in the OCRL1 gene; this mutation is found in less than 10% of Dent disease patients. Thus, the patient's abnormal epithelial cells may be caused by an OCRL1 mutation or by H. pylori infection. We suggest that thick pedestal formation, frequently occurring in the abnormal epithelial cells, is a CagA-associated event. However, protein-losing gastroenteropathy and the protein plugs (and also the abnormal gastric epithelial cells) may not be explained by previously published H. pylori virulence factors, suggesting a novel H. pylori virulence factor/toxin (X) associated with "excessive loss of plasma proteins into the gastrointestinal tract". Further studies are required for better understanding of protein-losing gastroenteropathy. Finally, when we analyzed H. pylori strains, isolated from Vladivostok, Russia, the most prevalent type were cagA (EPIYA-ABC)/vacA (s1/m1), suggesting a Western type [44] ; no cagA (EPIYA-ABD) was detected. This was in marked contrast to H. pylori strains from East Asia including China, Korea, and Japan, where cagA (EPIYA-ABD) is predominant [18, 19, 23] . The predominance of a Western cagA type in Vladivostock was considered to be due to large population migration from European/Central Russia (or Eastern Europe) to Far Eastern Russia for 200 years [44] .
Conclusion
In an intrafamilial infection from an East Asian virulent type of H. pylori, a boy (patient) suffered from protein-losing gastroenteropathy. His gastric mucosa had the protein plugs, abnormal epithelial cells, and H. pylori-induced typical membranous pedestals. H. pylori infection was successfully eradicated, with healing of protein-losing gastroenteropathy and the protein plugs, albeit with lag periods. He had a mutation in the OCRL1 gene, which may be related to his gastrointestinal disease. We consider that the patient's pedestal formation is a CagA-associated event, with a high CagA action in the abnormal epithelial cells. Protein-losing gastroenteropathy and the protein plugs (and also abnormal epithelial cells) may be caused by an unknown virulence factor (toxin) of H. pylori. Pedestal formation levels in biopsy specimens may serve as a risk marker for potential progression to gastric cancer. [17, 19] . In (B), the EPIYA motifs of the patient's and parents's H. pylori cagA are the same EPIYA-ABD. However, the family's H. pylori cagA commonly possessed two divergent amino acid residues (Q in motif A and S in motif B, shown in blue), compared with those shown in (A); and the father's H. pylori cagA EPIYA motif was divergent from the patient's and mother's motifs by one amino acid residue (T in motif B, shown in red). S1 . Scanning electron micrograph showing shrinking of a gastric epithelial cell, surrounded and attacked by many "aggressive" or "dancing" H. pylori. Each structure is pointed to by symbols: arrow, a shrinking gastric epithelial cell, with attached H. pylori; arrow with asterisk; H. pylori; arrowhead, the microvilli of a neighboring epithelial cell; arrowhead with asterisk, swollen membranous structures on epithelial cell. H. pylori on the left side has fl agella.
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